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Abstract

This report contains the results of a Channel Migration Zone (CMZ) mapping effort fimftbieson

River fromTwin Bridgeso the Missouri River Headwaters State ParKlmee Forks, Montanalhe
Jefferson River begins at the confhoe of the Big Hole and Beaverhead Rivers a few miles north of Twin
Bridges Montana. Just upstream of Twin Bridges, the Ruby joins the Beaverhead as well, making the
upper Jefferson River a system that is responding to the conditions in three differéentsivads. The
Beaverhead and Ruby Rivers both have reservoirs affecting flows, and they are both fairly low energy
systems with disproportionately small sediment inputs to the upper Jefferson. Most of the flow and
energy affecting the Jefferson Rivedisven by the dynamics of the Big Hole, which, although it has a
smaller drainage area than the Red Rock/Beaverhead system, it carries about three times the mean
annual discharge and significantly more coarse sediment. résu#t,the Upper Jefferson shes an
immediate response to the Big Hole influence, with a very dynamic confluence that has shifted over a
half of a mile since 1955, exhiioiyrapid channel migration and frequent avulsions.

As the Jefferson River flows north towards Jefferson Cany@Gamwell, it crosses primarily agricultural
lands within a broad floodplain that has an extensive relic channel system. Incssesthe floodphin
channels remain active arsipport irrigation, in others they are require maintenance to keep them
from closing off. Some older swales on the floodplain are used as ditches and canals; many of these
were the main channel in the 1870s when the General Land Office (GLO) surveys were completed.

Below the Renova Diversion in the Whitehall Valleg,late 1&0s GLO maps show the main river

channel was located in what is now Jefferson Slough and Slaughterhouse Slough, forming two distinct
forks. Theiver now occupies a new chanrsguth of the GL@napped river course whendrtually no
channel was mappedThis marks anajor avulsion that left the historic channels as sloughs #nat

without intervention,progressively infiihg.

At LaHood the river enters Jefferson Canyon, which is a deep confined bedrock canyedhds over
a billion years of geologitime. Channel migration is limited in the canyon due to both the erosion
resistant geology and encroaching transportation infrastructure.

Below Jefferson Canyon the rivereaters a very broad floodplain, flowing west of Three Forks and

down to Headwadrs State Park, where the Jefferson River floodplain coalesces with that of the Madison
River, forming the beginning of the Missouri River northr@@. In these reaches, active channel

migration and avulsion have caused challenges with transportatioasimucture and residential
developments where they encroach into the natural @el Migration Zone

Channel Migration Zone mapping on the Jefferson River has captured the geomorphic variability of the
Jefferson River on a reach scale, with the CMZ nanigi width from essentially the active channel in
Jefferson Canyon to over a mile wide in more dynamic reaches.
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Glossary and Abbreviations
Alluvial ¢ Relating to unconsolidated sediments and other materials that have been transported,
deposited, reworked, or modified by flowing water.

Avulsion¢ The rapid abandonment of a river channel and formatiba aew channel Avulsions

typically occur when floodwaters flow across a floodplain surface at a steeper grade than the main
channel, carving a new channel along that steeper, higher energy path. As such, avulsions typically
occur during floods. Meandeutoffs are one form of avulsion, as are longer channel relocations that
may be miles long.

Bankfull Discharge The discharge corresponding to the stage at which flow is contained within the
limits of the river channel, and does not spill out onto tletplain. Bankfull discharge is typically
between the 1.5and 2year flood event, and in the Northern Rockies it tends to occur during spring
runoff.

CDc Conservation District.

Channel Migrationg The process of a river or stream moving laterally (ssdgde)acrossts floodplain.
Channel migration is a natural riverine process that is critical for floodplain turnover and regeneration of
riparian vegetation on newly created bar deposits such as point bars. Migration rates can vary greatly
though time and between different river systems; rates are driven by factors such as flows, bank
materials, geology, riparian vegetation density, and channel slope.

Channel Migration ZonéCMZ) A delineated river corridor that is anticipated to accommodate naitur

channel migration rates over a given period of time. The CMZ typically accommodates both channel
YAINI GA2Y YR FNBFA LINRYS (2 | Qdzf aA2y ® ¢ KS N & dz
corridor that would be active over some time frarwhich is commonly 100 years.

DNRQ; Department of Natural Resources and Conservation.

Erosion Buffer The distance beyond an active streambank where a river is likely to erode based on
historic rates of movement.

Erosion Hazard Are@EHA) Area of theCMZ generated by applying the erosion buffer width to the
active channel bankline.

Flood frequency The statistical probability that a flood of a certain magnitude for a given river will
occur inany given year. A 1% flood frequency event has a 1% clofheg@pening in any given year,
and is commonly referred to as the 1§6ar flood

Floodplain An area of lowying ground adjacent to a river, formed mainly of river sediments and
subject to flooding.

Jefferson River Channiligration Mapping Study Decembei31, 2017
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Fluvialg Streamrelated processes, from the Latin vabfluvius = river.

Geomorphology-¢ KS &G dzRé 2F fFyRT2N¥a 2y (GKS 9 NI KQ& & dzNF
fIyYRTF2NYA® GCfdz@AlE DS2Y2NLK2f238é¢ NBFSNE Y2NB &
surface.

GIS¢ Geographic Informtion System A system of hardware and software used for storage, retrieval,
mapping, and analysis of geographic data.

Historic Migration Zone (HMZ) The historic channel footprint that forms the core of the Channel
Migration Zone (CMZ)The HMZ is defed by mapped historic channel locations, typically using historic
air photos and maps.

z ~

Hydrologyc¢ KS &G dzRé 2F LINPLISNIASATI Y20SYSyidz RA&GNAO dzi
surface.

Hydraulicsc The study of the physical and mechanical propertéflowing liquids (primarily water).
This includes elements such as the depth, velocity, and erosive power of moving water.

Large Woody Debris (LWIQ)Large pieces of wood that fall into streams, typically trees that are
undermined on banks. LWD caffluence the flow patterns and the shape of stream channels, and is an
important component of fish habitat.

Management Corrido Amappedstream corridor that integrates CMZ mapping and land use into a
practical corridor for river managemeand outreach

Meander- One of a series of regular freely developing sinuous curves, bends, loops, turns, or windings
in the course of a stream.

Morphology - Of or pertaining to shape

NAIP¢ National Agriculture Imagery Program A United States Department of Agriauié program
that acquires aerial imagery during the agricultural growing seasons in the continental U.S.

Planform- The configuration of a river chaal system as viewed from above, such as on a map.
RDGR Reclamation and Development Gta Program, DNRC.

Restricted Migration Area (RMA) Those areas of the CMZ that are isolated from active river migration
due to bank armor or other infrastructure.

Return Intervat The likely time interval between floods of a given magnitudikis can be misleading,
howe\er, as the flood with a 169ear return interval simply has a 1% chance of occurring in any given
year.
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Ripariang Of, relating to or situated on the banks of a river. Riparian zones are the interface between
land and a river or stream. The word is dedv¥rom Latin ripa, meaning river bank. Plant habitats and
communities along stream banks are called riparian vegetation, and these vegetation strips are
important ecological zones due to their habitat biodiversity and influence on aquatic systems.

Riprapc¢ A type of bank armor made up of rocks placed on a streambank to stop bank erosion. Riprap
may be composed of quarried rock, river cobble, or manmade rubble such as concrete slabs.

Sinuosity- Thelength of a channel relative to its valley lengtBinwosity is calculated as thatio of

channel length to valley length; for examplesteaight channel has a sinuosity of 1, whereas a highly
tortuous channel may have a sinuosity of over 2.0. Sinuosity can change through time as rivers migrate
laterally ard occasionally avulse into new channels. Stream channelization results in a rapid reduction in
sinuosity.

Stream competency The ability of a stream to mobilize its sediment loglich is proportional to flow
velocity.

Terraceg On river systems, terces form elongated surfaces that flank the sides of floodplains. They
represent historic floodplain surfaces that have become perched due to stream downcutting. River
terraces ardypically elevatedabove the 1068year flood stagewhich distinguishes thre from active
floodplain areas.

Wetland ¢ Land areas that are either seasonally or permanently saturated with water, which gives them
characteristics of a distinct ecosystem.
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1 Introduction

The Jefferson River Channel Migration Zone (CMZ) mapping tpdejegloped approximately6 miles of CMZ
mapping for thefull length of the JeffersoRiver fromits headwaters at the confluence of the Big Hole and
Beaverhead Rivers in Twin Bridges, MT, downstream to its confluence with the Madison and Gallatin Rivers
Three Forks, MTlt is part of a larger effort to map approximately 440 miles of river in the Upper Missouri River
headwaters. Other rivers in the study include the Beaverhead, Madison, GahatiBast GallatiRivers,

revising the 2005 Big Hole Bivmapping(Wisdom to Twin Bridgesas well as updating mapping in the Ruby
River Valley to include Clear Creek. The main stem of the Ruby River from Ruby Reservoir to Twin Bridges was
mapped in 2010 and the Big Hole River in 2005. In total, approXyn4@8 miles of river in the Missouri River
headwaters will have CMZ mapping. Other rivers in Montana that have CMZ significant areas of mapping
include the Yellowstone River, sections of the Flathead, Clark Fork, and Bitterroot Rivers, Deep Creek
(Broadvater County), and Prickly Pear and Tenmile Creeks (Lewis and Clark County).

TheJeffersorRiver Channel Migration Zone (CMZ) mapping is part of a larger efim@p@approximately 350

miles of river in the Missouri River headwaters. Other rivers irsthdy include the Beaverhealfladison

Gallatin, and East Gallatin Rivers, as well as updating mapping in the RubyaRexto include Clear Creek.

The main stem of the Ruby River from Ruby Reservoir to Twin Bridges was mapped in 2010 and tke Big Hol
River in 2005. Other rivers in Montana that have CMZ significant areas of mapping include the Yellowstone
River, sections of the Flathead, Clark Fork, and Bitterroot Rivers, Deep Creek (Broadwater County), and Prickly
Pear and Tenmile Creeks (Lewis @hark County).

The work is being funded through a 2013 Montana Department of Natural Resources and Conservation (DNRC)
Reclamation and Development Grants Prog{&DGP) titledpper Missouri HeadwateRiver/Flood Hazard

Map Development The project isdministered by the Ruby Valley Conservation District, but includes input and
review from stakeholders associated with each of the mapped rivers.

1.1 The Project Team

This project work was performed Tony Thatcher of DTM Consulting and by Karin Boyd of Applied
Geomorphology, with support from Chris Boyer of Kestrel Aerial Services (Kestrel). Over the past decade, we
have been collaborating to develop CMZ maps for numerous rivers in Montapagvide rational and

scientifically sound tools faiver management It is ourgoal to facilitate the understanding of rivers regarding

the risks they pose to infrastructure, so that those risks can be managed and hopetudlgch Furthermore,

we believe the mapping supports the premise thatnaging rivers as dynamideformable systemeontributes

to ecological resilience while supporting sustainable, -effsctive development

1.2 What is Channel Migration Zone Mapping?

The goal of Channel Migration Zone (CMZ) mapping is to provide-aftedive and scientificl-based tool to

assist land managers, property owners, and other stakeholders in making sound land use decisions along river
corridors. Typically, projects constructed in stream environments such as bank stabilization, homes and
outbuildings, access roagdpivots, and diversion structures are built without a full consideration of site
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conditions related to river process and associated risk. As a result, projects commonly require unanticipated
and costly maintenance or modification to accommodate riveraigics. CMZ mapping is therefore intended to
identify those areas of risk, to reduce the risk of project failure while minimizing the impacts of development on
natural river process and associated ecological function. The mapping is also intendedde progducational

tool to show historic stream channel locations and rates of movement in any given area.

CMZ mapping is based on the understanding that rivers are dynamic and move laterally across their floodplains
through time. As such, over a giviimeframe, rivers occupy a corridor area whose width is dependent on rates
of channel shift. The processes associated with channel movement include lateral channel migration and more
rapid channel avulsiorF{gurel).

Avulsion
Bendway Cutoff 1
between 1976 - 2001 —>1976

Figurel. Typical patterns of channel migration and avulsion evaluated in CMZ development.

The fundamental approach to CMZ mapping is to identify the corridor area that a stream channel or series of
stream channels can be expected to gogwver agiven timeframeg typically 100years. This is defined by first
mapping historic channel locations to define tHestoric Migration Zone, dAMZ Figurel). Using those

mapped banklines, migration distances are meaduyetween suites of air photos, which allows the calculation
of migration rate (feet per year) at any sitdverageannualmigration rates are calculated on a reach scale and
extended to the life of the CMZ, which in this case is 100 years. Thisa®®ean migration distance defines

the Erosion Buffer, which is added to the modern bankline to define the Erosion Hazar@AEtHA

Channel migration rates are affected by local geomorphic conditions such as geology, channel type, stream size,
flow patterns, slope, bank materials, and land use. For examplanaonfinedmeandering channel with high
sediment loads would have higher migration rates than a geologically confined channel flowing through a
bedrock canyon.To address this natural variabjijtthe study area has been segmented into a series of reaches
that are geomorphically similar and can be characterized by average migration rates. Reach breaks can be
defined by changes in flow or sediment loads at tributary confluences, changes inigeniofjinement, or

changes in stream pattern. Reaclae typically on the order of fivéo 10-mileslong. Within any given reach,

dozens to hundreds of migration measurements may be collected.

Avulsionprone areas are mapped where there is evidentgeomorphic conditions that are amenable to new
channel formation on the floodplain. This would include meander cores prone to chigéfir€l), historic side
channels that may reactivate, and areas where the modern chanpelehed above its floodplain.
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The following map units collectively define a Channel Migration Zone (Rapp and Abbe, 2003):

W Historic Migration Zone (HMZ)the area of historic channel occupation, usually defined by the
available photographic record.

W ErosionHazard Area (EHA)Xhe area outside the HMZ susceptible to channel occupation due to
channel migration.

W Avulsion Hazard Zone (AHZJoodplain areas geomorphically susceptible to abrupt channel
relocation.

W Restricted Migration Area (RMAgareas of CM¥olated from the current river channel by

constructed bank and floodplain protection featuréBhe RMA has been referred to in other studies
as the DMADisconnected Migration Area.

The individual map units comprising the CMZ are as follows:
CMZ = HM + EHA + AHZ

¢KS wSAaUNAROGSR aAaNrdAzy ! NBF owa! 0 Aa O2yYyYzyfte NBY
I 0O0S&aaArofS¢ oe GKS NRARGSNI owl LI FYR '6006ST Hnnoo® Ly
human activities providesight as to the extent of encroachment into the CMZ, and highlight potential

restoration sites. These areas may also actively erode in the event of common project failure such as bank armor
flanking. For this reason, the areas of the natural CMZ thae lhecome isolated are contained within the
2OSNIff /a¥% 02dzy RFNE FYR KAIKEAIKGSR a aNBadNROGSR

Each map unit listed above is individually identified on the maps to show the basis for including any given area in
the CMZootprint (Figure2).

Bank AT “
Stabilization ‘.o.wo.oy CMZ Boundary
$05 R

Channel
Year

1950
1976
2015
Stabilizati
CMZ Boundary abliization EHA
Figure2. Channel Migration Zone mapping units.
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1.3 CMZ Mapping on thé@effersonRiver
The Channel Migration Zone (CMZ) developedéfiersorRiverextends76 river miles fromTwinBridges, MT
to its confluence with théMadison River at Three Forks, Miarkingthe beginning othe Missouri River.

Although the basic concepor Channel Migration Zone mapping efforgslargely the sam#hroughout the

country, different approacheso defining CMZ boundariege used depending on specific needs and situations
These differences in assessment techniques can be driven by the channel type, different project scales, the type
and quality of supporting information, the intended use of thapping, etc. For this studthe CM4s defined

as a composite area made up of the existing channel, the collective footprint of mapped historic channel
locations shown in the 1955, 1979, 2013, and 2015 imagery (Historic Migration Zone, or HMZ) Eansi@m

Hazard AredEHA), thats based on reachcale average migration rateéreas beyond the Erosion Buffer that

pose risks of channel avulsion are identified as Avulsion Hazard Areas of WislZpproach generally falls into

the minimum standardsf practice for Reach Scale, Moderate to High Level of Effort mapping studies as defined
by the Washington Department of Ecologyww.ecy.wa.goy. This approach does not, however include a
geotechnical setback onllslopes; these areas would require a more site specific analysis than that presented
here.

1.4 Uncertainty

The adoption of a 10@ear period to define the migration corridor on a dynamic stream channel requires the
acceptance of a certain amount of uncertyimegarding those discrete corridor boundaries. FEMA (1999) noted
the following with respect to predicting channel migration:

Xdzy OSNI I Ayde A& INBIFIGSNI F2NJt2y3 GAYS FNIYSao F
which uncertainty is much redutenay be useless for floodplain management because of the
minimal erosion expected to occur.

From Twin bridges to Cardwelhe upperJefferson Riveshows historic patterns of lateral migration and
avulsion, locally within a very broad floodplain surféit&t has dense networks of historic channeldear Lewis
and Clark Cavernghe river flows through a narrow bedrock canyon where migration is geologically impeded,
before flowing into a dynamic corriddrelow Sappington Bridgend to Headwaters State RarWith potential
contributing factors, such as woody debris jamming, sediment slugs, tectonic deformatidslidespr ice

jams, dramatic change could potentially occur virtually anywlietbe stream corridor As the goal of this
mapping effort igo highlight those areas most prone to either migration or avulsion based on specific criteria,
there is clearly the potential for changes in the river corridor that do not meet those criteria and thus are not
predicted as high risk.

Uncertaintyalsoé§ SY&a FNRBY (GKS 3ISYySNI f LI NI RA évAs prédictéd fuiuieK S LJIF 2
migration is based on an assessment of historic channel behaviodrivers of channel migration over the past

50 years are assumed to be relatively consistardr the next century. Konditionschange significantly,

uncertainty regarding the proposed boundaries will increase. These conditions include system hydrology,
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sediment delivery rateglimate,valley morphologyriparian vegetation densities and extis, and channel
stability. Bank armor and floodplain modifications, such as bridges, dikes, leveasid and gravel mining
could also affect map boundaries.

1.5 Relative Levels of Risk

The natural processes of streambank migration and channel avidsibrcreate risk to properties within

stream corridors. Although thsite-specificprobability of any area experiencing either migration or an avulsion
during the next century has not been quantified, ttiearacteristics of each type of channel movemalhyws
some relative comparison of the type and magnitude of their risk. In general, the Erosion Hazard Area
delineates areas that have a demonstrable risk of channel occupation due to channel migration over the next
100 years. Such bank erosion can o@mross a wide range of flonand the rislof erosion into this map unit is
relativelyhigh. In contrast, &ulsiorstendto be a flood-driven process;He Avulsion Hazard Area delineates
areas where conditions may support an avulsion, although theHikedl of such an event is highly variable
between sites andlypically depends on floodsLarge, long duration floods have the potential to dexéensive
avulsions, even after decades of no such evebusting the spring of 2011, for example, thieisseshell River
flood drove 59 avulsionm three weekscarving 9 miles of new channel whidbandoning about 37 miles ofd
river channe(Boyd et al, 2012).

1.6 OtherRiverHazards
The CMZ maps identify areas where river erosion can be expected to oecuhewnext century. Itis
important to note that river erosion is only one of a series of hazards associated with river corridors.

1.6.1 Flooding

The CMZ maps do not delineate areas prone to flooding. The difference between mapped flood boundaries and
CMZ baindaries can be substantial. In cases where the floodplain is broad and low, the CMZ tends to be
narrower than the flood corridor (left schematic éiigure3). In contrast, where erodible terrace units bound

the river corridorthe CMZ is commonly wider than the floodplain, because the terraces may be high enough to
escapeflooding, but notresistant enough to avoidrosion (right schematic olRigure3). This is a common

problem in Montana because oféhextent of high glacial terraces that are above base flood elevations, but not
erosionresistant.

Jefferson River Channiligration Mapping Study Decembei31, 2017



< EEMA > %
CMZ
>
Qg
BEDROCK BEDROCK

Figure3. Schematic comparisons between CMZ and flood mapping boundaries (Washington Department of Ecology).

Figured shows a property on the Yellowstone River in Park County that was progressively undermined during
the 19961997 floods, prompting the owner to burn it down to prevent any liability associated with the
structure falling into the river. Téihas been a chronic problem in river management, as landowners assume
that if their home is beyond the mapped floodplain margin, it is removed from all river hazards. After
experiencing massive 2005 flood damages in Saint George Eltalrdb), several property owners reflected on
this issue (www.Utahfloodrelief.com):

We knew the river was theralVe were 3 feet above the 18@ar flood plain and made sure

we were well above the floodagih. It was surveyed and the engine¢otd us where we had

02 Ldzi Ad FyR y23 S R2y Qi KIF@S TFiga®2 R Ay adzNl yOS
reimburse us for anything.

Our property was not located within the 5§@ar flood plain or was it adjacent to it. The
river simply took a new tde that went right through our property.

| knew we were in big troublelhe river was raging and making a shagJ turn right

behind our home Our property seemed to take the full force of theer turning against the
bank. Large chunks of earthave beng swallowed up into the riveiVe watched 20 feet
erode in less thatwo hours. We knew if it continued atat pace, we'd lose our hougeur
contractor contacted an excavation company early that morning, but they said there wa
nothing they cold do for us.We were also informed that our contractor's insurance was not
covered for floods.
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Figured. Yellowstone River home on high glacial terrace that was burned down in 1997 to prevent its undermining by the river.

& SO e

Utahfloodrelief.com

Figure5. Photos from a 2005 in Saint George Utah, where homes several feet above the mapped floodplain were destroyed by
channel migration (www.Utahfloodrelief.com).
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1.6.2 Ice Jams

Another serious river hazard, especially in Montaisace jamming. Over 1,470 ice jams have been recorded in
Montana, which is the most of any of the lower 48 stateisp(//dphhs.mt.gov/). The ice jams are most

common in February and Meh. The National Weathere8/ice has identified thdeffersorRiver as having6
reported ice jamsKigureb).

In February of 2011, ice jamming a few miles south of Silver Star resulted in the flooding of a rural subdivision.
The floodingcut of several homes from vehicular access. The NWS reported thandetdng jam formed in

this area that yearnfww.bozemandailychronicle.condan 15, 2013 A flood watch was also issu@d201 1for

ice-jam related flooding near Three Forks.

Ice jams calsocause avulsions by entirely blocking channels and forcing flows onto the floodplain.

Figure6. Montana rivers east of the continental divide with 10 or more reped ice jams.
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Ice jams back up the Jefferson River
and threaten homes with mid-winter flooding.
Photo by Steve DiGiovanna

Figure7. Ice jam related flooding on Jefferson River between Twin Bridges and Silver\8taw {effersonriver.org).

1.6.3 Landslides

There are no mapped landslides on tredley walls of theeffersorRiver in the project areaDuring the 1925
earthquake, however, rockslid¢Bigure8) were reported on the bluffs on the Jefferson River above Willow
Creek(Pardee, 1926)The 6.6 magnitude quakeas epicentered in Clarkston Valley, dagsextensive damage
at Manhattan, Three Forks, Logan, and Lombard (USG®)dust that the rockslides generated appeared from
a distance like smoke and led to a report that the town was en(fardee, 1926)The earthquake also
reportedly generated several new springs in the river valley, and several existing springs went dry.

Landslidesind rockslidesiave the potential to create river hazards by blocking the channel and potentially
diverting or impounding flowThe 1925 Clarkstorugke caused a slide on Sixmile Creek that blocked the

channel forming a lake Figure9 shows an example ofralatively smallandslide that occurred in February

2014 on the south wall of the Nooksack RivVatley near Bellingham, Washington. The landslide originally
blocked the channel, and the effect was seen at a gaging station downstream where river flows rapidly dropped
from over 2,000 cubic feet per second to about 400 cubic feet per second in tlyeneaming hours of February

21 (Figurel0). The river breached the landslide and flows returned to normal, howeeriver was shifted
hundreds of feet Probably the most recently renown landslide into a river system wagdhé Oso Slide into

the North Fork of the Stillaguamish River, which dammaed relocatedhe river causing extensive flooding
upstream Figurell).
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L. ROCKS ON RAILROAD TRACK NEAR LOMBARD, MONT.
Photograph by J. I, Swarts

Figure8. Rock slide near Lombard caused by thef®arthquake (Pardee, 1926.)

Figure9. Hillslope failure on Nooksack River near Bellingham Washington on February 21,(R0OBbyd)

Jefferson River Channiligration Mapping Study Decembei3l, 2017
10



USGS 12210700 NOOKSACK RIVER AT NORTH CEDARVILLE, WA

Hae8

'E 4888

Q

¢ saee

“

g

£ 208 M

e

o

o

e

4

2 1608

]

)

N

L]

=1:]

[N

m

=

]

@

o

=

308

Feb Feb Feb Feb Feb Feb Feb Feb
15 16 17 18 19 28 21 22
2814 2814 2814 2814 2814 2814 2814 2814

==== Provisional Data Subject to Revision ==-=-

Hedian daily statistic (9 years} —— Discharge

Figurel0. USGS gage data showing rapid drop in river flowdalhg upstream hillslope failure.

Figurell Massive mudslide in Oso Washington on March 22, 2014, deflecting the North Fork of the Stilliguamish River (AP Photo/Ted
Warren).
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